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ABSTRACT 
 
Proper application of phosphorous (P) dose and selection of an adequate tillage system could be effective in increasing 
the yield of crops. Therefore, a field experiment was conducted at Agronomic Research Area, University of Agriculture 
Faisalabad, Pakistan during summer, 2009, using different levels of phosphorous and tillage systems. There were three 
tillage systems (zero tillage, minimum tillage and conventional tillage) and three phosphorus levels (30, 60 and 90 kg P 
ha-1). Treatments were arranged in randomized complete block design (RCBD) with split plot arrangement. Results 
revealed that pods bearing branches per plant, seeds per plant and seed yield were significantly affected by various 
levels of applied phosphorous and tillage systems. Among different phosphorous levels, 90 kg P ha-1 produced 
maximum pods bearing branches per plant (4.52), seeds per plant (78.26) and seed yield (1064 kg ha-1). While, among 
different tillage systems, conventional tillage gave relatively better pods bearing branches per plant (4.8), seeds per plant 
(81.81) and seed yield (1142.3 kg ha-1) than others. However in case of interaction, the conventional tillage + 90 kg P ha-1 
performed better and gave the maximum pods bearing branches per plant (4.9),seeds per plant (94.71), straw yield (4090 
kg ha-1) and seed yield (1243 kg ha-1) as compared to others. Conventional tillage + 90 kg P ha-1 also gave higher gross 
income (1945 USD ha-1), net income (1568 USD ha-1) and benefit cost ratio (5.16). It was concluded from this study that 
conventional tillage + 90 kg P ha-1 could be successfully utilized on economic basis in order to get better seed yield in 
agro-climatic conditions of Faisalabad, Pakistan. 
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INTRODUCTION  
 
Grain legume is not only served as human diet but it is also used to improve the soil fertility through biological 
nitrogen fixation. Mungbean is one of the important grain legume crops and has high nutritive value and digestibility 
(Nazir et al., 2004).  It contains rich amount of protein, vitamin A, iron, zinc and folate (Shanmugasundaram, 2004). 
Although, mungbean is an important crop in Pakistan,  its total grain production (157.4 t) and average yield (514 kg 
ha-1) are much low (GOP, 2009). 
Like other crops fertilizer is a key factor to improve the production of mungbean. Among different nutrients 
phosphorous is one of the important nutrients. Phosphorous favors the reproductive stage. In plant growth, 
phosphorous serve as energy storage and transfer. It is also an important structural component of a wide variety of 
bio-chemicals like nucleic acid, nucleotides, phosphor-proteins, phospholipids and sugar phosphate (Havlin et al., 
2004). Therefore, phosphorous is much important for mungbean productivity (Khan et al., 2003). According to a 
study various levels of applied phosphorous significantly affected the growth and yield components of mungbean. 
However, highest level of phosphorous produced maximum yield as compared to other levels (Khan et al., 2003).  
Tillage is done to pulverize the soil, prepare the seedbed for sowing, improve soil physical conditions and 
remove the weeds. Hence, tillage is an important factor which controls the crop yield (Armstrong et al., 2003; Rosner 
et al., 2008). In recent times, different tillage system like conventional tillage, zero tillage and minimum tillage are 
being utilized in crop production. In conventional tillage soil is disturbed more as compared to minimum tillage, while 
in zero tillage soil is left undisturbed. Only testing different tillage systems for a particular crop may determine role of 
tillage systems in increasing yield.  
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Fertilizers are costly input and require large capital investment for crop production. On the other hand, tillage 
practices consume much energy as fuel which affects the economics of crop productivity. Therefore, it is dire need of 
time to adopt such tillage system and fertilizer level which are more economical and gave better yield. So far no/little 
work has been conducted yet which compare the phosphorous levels and tillage systems on mungbean productivity. 
Keeping in view the above facts, present study was conducted to evaluate the impact of phosphorous application 
levels and different tillage systems on yield and economics of mungbean. 
 
 
MATERIALS AND METHODS  
 
The field study was conducted at Agronomic Research Area, University of Agriculture, Faisalabad, Pakistan during 
summer, 2009.  The experimental area lies between 30.35-31.47˚ 
N latitude and 72.08-73˚ E longitude, at an elevation of 150 m from the sea level. The climate conditions of 
Faisalabad is very extreme with very little rainfall. Average annual precipitation lies on 300 mm. The maximum 
temperature in summer rises up to 48 °C and minimum temperature in winter goes down to 4 °C. Weather data 
collected during experiment is presented in Fig 1. Experimental soil was chemically analyzed before experimentation 
(Table 1). The  experiment  was  laid  out  in  randomized complete  block  design  (RCBD)  with  split  plot 
arrangement having three replications. The net plot size was 7 m × 3 m. The experiment comprised of three tillage 
systems (zero tillage, minimum tillage and conventional tillage) and three phosphorus levels (30, 60 and 90 kg P ha-
1). Tillage systems were randomized in main plots while phosphorus levels were randomized in sub plots.  The crop 
was sown on 29th July, 2009 using a seed rate of 30 kg ha-1in 30 cm rows apart. The variety used was NM-2006. 
Phosphorus was side dressed at sowing. All other agronomic practices were kept normal and uniform.  
 
Table 1. Chemical analysis of experimental soil 
Determination Units Values 
Soil texture -- Sandy clay loam 
ECe dS m-1 3.64 
pH -- 7.98 
Organic matter % 0.78 
Available phosphorus Ppm 6.1 
Available potassium Ppm 356 
Total N % 0.77 
Saturation % 38.96 
 
 
 
Fig. 1 Weather conditions during the growing season of mungbean 
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The data regarding seed yield and yield related parameters were recorded using standard methods. Pods bearing 
branches per plant was determined by selecting ten plants at random and their pods bearing branches were counted 
and then averaged. For seeds per plant, pods were separated from ten selected plants and seeds from pods were 
shelled, counted and then averaged. For straw yield, plants from each plot were harvested manually, sun dried, pods 
were separated from plants and straw weighed to determine the straw yield in kg per plot and then converted to t ha-
1
. For grain yield, pods were separated from each harvested plot, sun dried, shelled and their grains were weighed 
and finally converted into t ha-1. 
Data collected were analyzed statistically using Fisher’s analysis of variance techniques (Steel et al., 1997). 
Differences among the treatments’ means were compared by using least significant difference (LSD) at 5% 
probability level. Economic analysis was also conducted for all the treatments in order to determine the gross 
income, net income and benefit cost ratio according to method described in CIMMYT manual (CIMMYT, 1988). The 
purpose of this analysis was to estimate the economic returns of each productivity level. 
 
 
RESULTS AND DISCUSSION 
 
Efforts were made in this study to check the effects of different levels of phosphorous and tillage systems on yield 
and yield related parameters and economics of mungbean production. 
 
Pods bearing branches per plant 
 
The maximum pods bearing branches per plant was obtained in conventional tillage which differed significantly from 
other tillage systems while lowest pods bearing branches per plant was obtained in zero tillage (Table 2). Highest 
pods bearing branches per plant in conventional tillage was due to constant supply of nutrients and moisture which 
increased the plant vigor. This improvement in plant vigor might have increased the pods bearing branches per plant. 
These results are in accordance with findings of Zamir (2006); Mukundam et al. (2009) who also observed highest 
pods bearing branches per plant with conventional tillage. In case of phosphorous levels, the maximum pods bearing 
branches per plant was observed where 90 kg P ha-1 was applied. The minimum pods bearing branches was 
recorded where 30 kg P ha-1 was applied. The increase in  pods bearing branches per plant with highest level of 
phosphorus might be attributed due to the favorable combination of phosphorous and nitrogen which  was  essential  
for  various  plant processes. Secondly, phosphorous might have played a positive role in pod formation.  Similar  
findings  were documented  by  Ghaffar  (1990) who  observed  an  increase  in  pods bearing branches per plant by 
increasing the phosphorous levels. The interaction of tillage systems and phosphorous was found highly significant. 
The highest pods bearing branches per plant was recorded in conventional tillage + 90 kg P ha-1 and it differed 
significantly from all other treatments (Table 3). The lowest bearing branches per plant was recorded in zero tillage + 
30 kg P ha-1. These results were in accordance with that of Jamshidian and Khajehpour (1999); Khan et al. (2002) 
who reported the higher pods bearing branches per plant under conventional tillage and high phosphorous level. 
 
Table 2. Effect of different phosphorous levels and tillage systems on the yield and yield parameters 
of mungbean 
Treatments Pods bearing 
branches per 
plant 
Seeds per plant  Straw yield (kg 
ha-1) 
Seed yield (kg ha-
1) 
T1 4.14 c 63.22 c 3738.3 893.3 c 
T2 4.38 b 71.39 b 38.75 1008 b 
T3 4.8 a 81.81 a 3991 1142.3 a 
LSD (0.05) 0.09 7.69 NS 32.51 
P1 4.35 c 67.53 c 3796.3 975.3 b 
P2 4.45 b 70.64 b 3870 1004.3 b 
P3 4.52 a 78.26 a 3938 1064 a 
LSD (0.05) 0.06 2.19 NS 35.28 
T1: zero tillage, T2: minimum tillage, T3: conventional tillage; P1: 30 kg ha-1, P2: 60 kg ha-1and P3: 90 kg ha-1 
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Table 3. Interactive effect of different phosphorous levels and tillage systems on the yield 
parameters and yield of mungbean 
Treatments Pods bearing 
branches per 
plant 
Seeds per plant  Straw yield (kg 
ha-1) 
Seed yield (kg ha-
1) 
T1P1 4.01 f 58.13 e 3642 b 851 e 
T1P2 4.18 e 64.29 d 3744 ab 902 de 
T1P3 4.23 de 67.24 cd 3829 ab 927 d 
T2P1 4.32 cd 69.51 bcd 3849 ab 989 c 
T2P2 4.39 c 71.84 bcd 3881 ab 1013 c 
T2P3 4.42 c 72.83 bc 3895 ab 1022 c 
T3P1 4.73 b 74.94 bc 3898 ab 1086 b 
T3P2 4.78 b 75.79 b 3985 ab 1098 b 
T3P3 4.9 a 94.71 a 4090 a 1243 a 
LSD (0.05) 0.13 8.26 422.18 59.2 
T1: zero tillage, T2: minimum tillage, T3: conventional tillage; P1: 30 kg ha-1, P2: 60 kg ha-1and P3: 90 kg ha-1 
 
 
Seeds per plant   
 
Results referring to the seeds per plant show that maximum seeds per plant were obtained in conventional tillage and 
it differed significantly from all other treatments of tillage systems (Table 2). The minimum seeds per plant (63.22) 
were obtained in zero tillage. These results were supported by the findings of Zamir (2006) who noticed high seeds 
per plant in conventional tillage. However, it was further disclosed from results that the seeds per plant was 
significantly affected by different levels of phosphorous. The maximum seeds per plant were produced by the 
application of 90 kg P ha-1 and it differed significantly from all other treatments of phosphorous (Table 2). The 
minimum seeds per plant were produced by 30 kg P ha-1. The uptake of phosphorous increase the uptake of nitrogen 
which might have positively affected the seeds per plant. Similarly, Dubey et al. (1993) reported significant effect of 
phosphorous on seeds per plant. The interactive effect of tillage systems and phosphorous levels on the seeds per 
plant shows that the maximum seeds per plant were produced in conventional tillage + 90 kg P ha-1 and it differed 
significantly from all other treatments (Table 3). The minimum seeds per plant were obtained in zero tillage + 30 kg P 
ha-1 which differed significantly from all other treatments. These results were in accordance with that of Siag and 
Prakash (2007); Rahman et al. (2008) who also noticed maximum increase in seeds per plant by phosphorus 
application and conventional tillage. 
 
Straw yield (kg ha-1) 
 
Maximum straw yield was obtained by the conventional tillage which differed non-significantly from other tillage 
systems. Phosphorous levels especially 90 kg ha-1 has great impact in the increase of straw yield but it did not differ 
significantly from others levels (Table 2). The data showed that there was significant interaction between tillage 
systems and phosphorous levels for straw yield (Table 3). The maximum straw yield was obtained in conventional 
tillage + 90 kg P ha-1 which was found at with other treatments. The minimum straw yield was obtained with zero 
tillage + 30 kg P ha-1. These results were in accordance with those of Mukundam et al. (2009) who found that the use 
of phosphorous fertilizer in combination with conventional tillage increased the straw yield of mungbean. 
 
Seed yield (kg ha-1) 
 
The maximum seed yield was obtained by the conventional tillage which varied significantly from other treatments of 
tillage systems (Table 2). While minimum seed yield was obtained in the zero tillage. These results were supported 
by the findings of Siag and Prakash (2007), Thiagalingam et al. (1996) and Vyn et al. (1998) who noted that tillage 
have significant effect on the seed yield of mungbean. The results further disclosed that by increasing phosphorous 
levels, the seed yield was increased significantly (Table 2). However, the maximum seed yield was obtained by the 
application of 90 kg P ha-1. Whereas the minimum seed yield was obtained by the application of 30 kg P ha-1 and it 
was statistically at par with that of 60 kg P ha-1. These results are confirmatory with the findings of Khan et al. (2003). 
The results showed that there was significant interaction between tillage systems and phosphorous for seed yield 
(Table 3). The maximum seed yield (1243 kg ha-1) was obtained in conventional tillage + 90 kg P ha-1 which differed 
significantly from all other treatments. The minimum seed yield was obtained by using zero tillage + 30 kg P ha-1 
which was statistically at par with zero tillage  +  60  k g  P  ha-1 .  These  results  were  in  accordance  with  those  of  
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Shafiq et al. (1994) and Jamshidian and Khajehpour (1999) who reported significant effect of tillage and phosphorous 
on the seed yield of mungbean. 
 
Economic analysis 
 
Results of economic analysis revealed that maximum total expenditure (377 USD ha-1) was attained with the 
conventional tillage + 90 kg P ha-1 as compared to others.  On the other hand, maximum gross (1945 USD ha-1) and 
net income (1568 USD ha-1) were obtained by employing the conventional tillage + 90 kg P ha-1 while minimum gross 
income (979 USD ha-1)and net income (687 USD ha-1) were obtained where zero tillage + 30 kg P ha-1 was used 
(Table 4). However, in the case of benefit cost ratio, the maximum value of benefit cost ratio (5.16) was obtained in 
conventional tillage + 90 kg P ha-1
.
 However, the minimum benefit cost ratio (3.36) was attained in zero tillage + 30 
kg P ha-1 (Table 4).  
 
Table 4. Effect of different phosphorous levels and tillage systems on the economics of mungbean 
production 
Treatments Total Expenditure 
(USD ha-1) 
Gross income 
(USD ha-1) 
Net income (USD 
ha-1) 
Benefit cost ratio 
T1P1 291 979 687 3.36 
T1P2 308 1120 812 3.64 
T1P3 344 1294 950 3.76 
T2P1 294 1115 822 3.8 
T2P2 321 1317 995 4.1 
T2P3 352 1525 1173 4.34 
T3P1 305 1474 1169 4.83 
T3P2 324 1575 1251 4.86 
T3P3 377 1945 1568 5.16 
       1 USD = 80.6 PKR (Pakistani Rupees) 
       T1: zero tillage, T2: minimum tillage, T3: conventional tillage; P1: 30 kg ha-1, P2: 60 kg ha-1and P3: 90 kg ha-1 
 
 
CONCLUSION 
 
This study inferred that all the applied phosphorous levels and tillage systems produced significant effects on yield 
and yield related parameters of mungbean. However, phosphorous @ 90 kg P ha-1 and conventional tillage could be 
successfully utilized to increase the yield of mungbean on economic basis in agro-climatic conditions of Faisalabad, 
Pakistan.  
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